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1. PURPOSE OP  PROJECT 
/ 

Project MX--7^ 1B a one-year study and research program 
covering enginoerffig "studies, research, design,  laboratory and flight 
testing for  the practical design  of  an air-to-surface  supersonic 
(II = 1.6)  guided missile.     It  is   to be carried and launched from an 
altitude of 20,000 to  45,000 feet by a  B-29 aeries aircraft against 
stationary targets  and maneuvering water-borne targets at flight dis- 
tances up to  100 miles from  the  launching point.    The controlling air- 
craft must be able  to take evasive action in any direction while con- 
trolling the missile and must be able to execute  control from a distance 
of at  least 60 miles.    Seventy-five percent hits within 500 feet of a 
stationary target and seventy-five percent direct hits on a water-borne 
target are required.    The  warhead must  contain an explosive equivalent 
to at least 3,000 pounds of  present TNT. 

April 29,   1946  -  July 1,   1947 

2. SUMMARY OF WORK CONDUCTED DURING  PERIOD - FEB.  28 - APRIL  30,   1947 

a.    Engineers have visited outside organizations to discuss  subjects 
pertinent to our research program: 

Subject Discussed 

Radar Relay 

K-Band Rapid Scan System 

Clearances 

Search Antenna 

Ultrasonic  Trainers 

Free Flight Symposium 

Contracts and Equipment 

Radar Receivers 

AN/APQ-13T Trainer 

K-band Rapid Scan System 

Missile Search System 

K-band Rapid Scan System 

One Shot Batteries 

Radar Receivers 

Subminiature Tubes 

Pulse Altimeters 

Activity Visited Date 

Raytheon Mfg.  Co. 
Waltham, Mass. 

3A0/47 

Laboratory Tor Electronics 
Boston,  Mass. 

3 A1/47 

Cambridge Field  Station 
Cambridge,  Mass. 

3/11/47 

M.I.T. 
Cambridge, Mass. 

z/\\/vr 

Stevens Arnold Co. 
Boston, Mass. 

3/11/47 

Cal.  Tech.  and Johns Hopkins 3A1-12/47 

Wright Field 
Dayton,  Ohio 

3A8-19-20 

Wright Field 
Dayton,  Ohio 

3/26-27/47 

Stevens Arnold Co. 
Boston, Mass. 

3/31/47 

Laboratory for Electronics 
Boston,  Mass. 

3/31/47 

Sylvanla Electric Corp. 
Boston,  Mass.' 

4A/47 

Workshop Associates 
Boston, Mass. 

i/l/if 

Wllllard Storage  Battery 
Cleveland,  Ohio 

4A6/47 

Philco Corporation 
Philadelphia,   Pa. 

i/vr/vr 

BuShlps,  Navy Dept. 
Washington,  D.C. 

4A8-21 

Radio Corp. of  America 
Canden, New Jersey 

4/21/47 
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Activity Visited 

Navy Research Laboratory 
Washington, D.C. 

Subject Discussed 

Radar Receivers 

b.  Personnel of outside organizations visited this contractor to dis- 
cuss problnms pertaining to Project "Rascal": 

Visiting Activity 

Air Materiel Command 

Sylvan la Electric Products 

Subject Discussed 

Project Status 

Missile Search Radar 

Discussions pertaining to a subcontract are still in progress with 
the Laboratory for Electronics.  Completion of negotiations are held up 
pending procurement of test equipment to be used in prosecution of the 
subcontract. 

At M.I.T. a study of dielectric lenses has indicated that a 
limited aperature «ill be obtained and hence a study of zoned lenses 
can be made.  It was brought out that, contrary to the conclusions of 
A.I.L., satisfactory azimuth patterns may be obtainable over a range 
in elevation of ±10 degrees or greater.  Further study will be under- 
taken to ascertain If such is the case. 

Ultrasonic trainers were discussed at Stevens Arnold Company. 
Several typos of ultrasonic trainers have been developed, the most 
flexible of which Is the most recent type for the Navy, the AN/APS-T3. 
Other types are represented by the APQ-7T1, APQ-13T1 (Mark III and VI) 
and AFQ-13T1A (Mark IV). The AN/APS-T3 Is capable of providing conical 
scan and tilting reflectors; the tilt control Is located at a central 
station.  Stevens Arnold felt that the APQ-1.YT1 was the best suited 
for our needs.  This opinion conflicted with a recommendation of AMC 
tha.t our choice should be the APQ-13T1A.  The -13T1A was obtained and 
a consultant from Stovens Arnold brought in to aid in setting it up. 
Further details on our use of this equipment is contained in this re- 
port. 

At California Institute of Technology and Johns Hopkins University 
we attended a symposium concerned with problems of free flight testing 
of full size and scale model missiles. 

At Wright Field the subject of auxiliary power supplies was dis- 
cussed»  It was suggested that a symposium on this subject for all 
missile contractors and battery and generator manufacturers be held In 
May or June at which the requirements of the missile field would be 
aired to Industry In general. 

Workshop Associates' facilities were Inspected as a possible sub- 
contractor.  Their organization Is small, hut they have adequate shop 
facilities for bulliing model shop versions of antennas in a comparatively 
short time.  Their present test equipment Is limited to X, S, and the 
lower frequency bands.  They specialise in final development of antennas 
rather than research and early development. 

Our power requirements for equipment operation were given to 
Willard Storage Battery Company in an effort to obtain an expendible 
one-shnt battery.  The results of thi3 Inquiry are expected in the 
very near future. 

Philco Corporation has determined that their logarithmic i.f. 
amplifiers are quite successful on the ground, :>ut flight tests have 
not yet been made.  The sub-miniature tubes used in conjunction with 
this equipment have proved quite satisfactory; however, it is felt 
that thRir general use cannot be possible until tooling for mass prod- 
uction is completed by the manufacturer.  It becomes evident as a result 
of this Philco effort that weight, space and power can be conserved, 
proving a great advantage to the missile field. 
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Further studies have been made of the  effect of ogival nose 
angles  on missile range.     A basic missile of  the weight and size 
comparable to  the Rascal rocket missiles was selected for stud;. 
Overall length,  fuselage diameter,   space for equipment  and payload 
were held constant,  and the oglval nose-angle varied from 20 to 60 
degrees.     Basically the problem reduced to selecting a compromise 
fuselage  configuration which would  carry a maximum amount of fuel 
for a minimum of nose drag.    A curve of  range versus ogive nose 
angle was plotted which indicates an optimum range  for an angle of 
35 degrees.    An angle of 44 degrees which we had previously selected 
suffers approximately only  seven miles  loss  In range over  the opti- 
mum indicating the reallstlcness of our choice. 

A Constant Incident Angle Radome was offered in BMPH-4 as a 
missile nose  configuration,  which constituted a reasonable compro- 
mise between  aerodynamics  and  guidance requirements.     In   that vain, 
another nose  cnnflguratlon  ts presented in this report which we have 
called a "Faired Radome1'.     It is essentially a hollow disk contain- 
ing a "pill box1*   antenna   inserted   Into   the  nnse  of  tho missile  In 
an attempt to segregate the  guidance  requirements and the  aero- 
dynamic requirements  into   individual nose   shapes and  thereby   (1) 
reduce the nose drag,   (2) make possible a most favorable antenna 
radome design,  end To)  reduce to an  absolute minimum the structural 
problems  associated with the  radome.    Wind tunnel tests  are now 
needed to clarify the extent of  the destabilizing effect which aero- 
dynamic analysis has revealed for this configuration.    Teats were 
requested for May  1,  1947. 

Prom a wing design  study  It was determined  that 45  aq.  feet of 
horizontal wing area would  permit an 8 g pull-out at 5,000 feet with 
20 per cent fuel for a Rascal missile grossing 11,500 pounds,  and 
that  this area with a delta planform,  and double wedge airfoil  is 
desirable from the  standpoint of  structure and  the minimum weight of 
fuel required to overcome the drag of the  wing plus the wing weight. 
A minimum section thickness of 2 per cent was shown to be satisfact- 
ory, but  other considerations dictated that  5 per  cent is more  real- 
istic.    This study has  taken  into account  structural,   aerodynamic, 
and production  considerations;   flutter was touched on lightly,  but 
missile stability was intentionally ignored for simplicity.     Because 
of this latter omission this analysis cannot be considered conclusive 
but only  indicative  of  wing design parameters with which to work. 

The Missile Relay Antenna and Missile Carrier Relay Antenna 
Stabilized Platforms  shown In BMPR-5 are undergoing modification. 

Of the  gulden ce and control  equipment under development,   the 
azimuth computer is complete except for  the decoder and its associ- 
ated servo.    The AH/AP^«"7 radar Is being modified in the laboratory 
to   Include  a  triple-tone  circuit because   It has become apparent that 
for  attacks  on land  targets   some  form of  target discriminatory  circuit 
is  essential.    The   small   ten inch diameter  conical  radome described in 
BMPR-5  is still being tested at Wright Field;   in the meantime,   a large 
twenty Inch diameter  18 degree conical radome   is being fsbricated.     It 
is  intended   that this   latter  radome will  also be  tested at Wright  Field. 
Sylvania  is riow active   in a missile search radar  system development, 
which has produced to date  preliminary sketches  locating  the  complete 
K-band system In the specific  missile design previously mentioned. 

In the  lapse of   time between  the  last report,   the   flight  simu- 
lator has undergone changes which appear to offer considerable  improve- 
ment over the earlier system.     Also an AH/APQ-13-T1A Training Set has 
been obtained and set up for modification  Into a flight simulation 
device. 

A recapulation of  our flight test results is contained in this 
publication.     We have  approached the problem by reviewing the original 
"Rascal11  Guidance Scheme  that was present  in BMPR-1  and commenting on 
•ach of the  Items  therein.    We have covered the objectives and pro- 
cedure of  the   television alr-tc-alr link,   the missile  search radar 
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system, radar tracking and guiding of missiles,  the use of • P-80 and 
B-2S airplanes as missile flight test vehicles, and the equipment re- 
quired.    In general the status of the flight test program can be 
summed up as proceeding as planned with the one exception of materiel procurement. 

REPORT HO.    EMPR-6 

-4- 

OJ-^V^lVl^ Jl 



"BELL •///•(•>*/? 
SECRET 

CO A PO RATION 

S, AERODYNAMICS 

a. A Study of the Effect of Ogival Nose Angles on Range: 

To continue with the program of an optimum nose configuration 
selection which we have pursued in the preceding progress report 
periods, a short study has been made to determine the effect of the 
magnitude of the ogival nose angle on the total range of the missile« 
Being shorthand limited In nature, It gives Only an Indication of the 
desirable latitudes of ogival nose angles in which to wirk, but It 
does further substantiate our original selection of 44 degrees. 

For purposes of comparison,a basic missile of the weight and size 
comparable to the Rascal rocket missiles was selected.  Overall length 
and fuselage diameter are held constant.  Space for motors, guidance 
equipment, and warhead Is fixed, and the configuration Is further re- 
stricted by the location of the search antenna, the position of which 
Is maintained at a point where the diameter of the ogive Is 90 per cent 
of the fuselage diameter. Fuel cannot be stored forward of the search 
antenna and, therefore, the »nount of fuel which a missile can carry be- 
comes a function of the ogival angle and In turn, the antenna location. 
The problem reduces to selecting a compromise fuselage configuration 
which will carry a maximum amount of fuel for a minimum of nose drag. 
The ogival nose angle was varied from 20 to 60 degrees. 

Since the effect of nose angle variation was the desired object- 
ive In this short study, the calculations were simplified by making 
assumptions which eliminated several of the usual performance comput- 
ations:  (1) The missile was assumed to be able to fly with no lift- 
ing surfaces, which eliminated the form drag, attitude drag, and skin 
friction drag calculations on these surfaces.  (2) The missile was 
assumed to reach M = 1.6 after 30 seconds of boosted flight and was 
considered to fly at M = 1.6 at 40,000 feet until the fuel was ex- 
hausted. 

With the total fuel for unaccelerated flight known, the rant-es for 
unaccelerated flight of the various missile configurations were calcu- 
lated. 

Table 3:1 gives a comparison of gross weights, total fuel, and 
range for the various nose angles selected, and Figure 3:1 shows the 
variation of range with these nose angles. 

9 Ogive 
(Deg.) 

60 
45 
30 
80 

Table 3:1 

Range Performance for Various Ogive Nose Angles 
at 40.000 feet 

Missile 
Wetted Area 
(aq. ft.) 

354.5 
849.5 
239.0 
224.0 

Qross 
Vol. 

(cu.ft.) 

145.3 
138.5 
125.0 
103.7 

Total 'Cruising* ' Drag at 
Fuel Wt,'. Fuel M = 1.6 
(lbs.)   (lbs.)  ; (lbs.) 

65B6 
6000 
4841 
3021 

4601 
4300 
3301 
1746 

1690 
1320 
976 
798 

Range 
(ml.) 

161 
185 
192 
124 

• Fuel remaining after deducting fuel used to boost the missile from 
300 mph to M - 1.6 in 30 seconds.         

Figure 3:1 provides a means of selecting an optimum basic body 
for the Rascal missile. However, it should be emphasized that no 
attitude, form, or skin friction drags of the lifting surfaces were 
Included in this study, and that with increasing nose angle and the 
consequent increase in gross weight, these drag components all Increase 
and tend to counteract any benefits derived from greater fuel capacity. 
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It would seen, therefore, that for the complete missile, the optimum 
point on the curve (namely, at an angle of 35 degrees) would move 
toward the left. This Indicates that the final selection of an opti- 
mum nose angle can be made only after a more detailed Investigation. 

160 

^ 

<n120 

in 
_j A 
SI z 
< ao K   80 

60 

•  GNU SIN« R INSI 01 LY 

i 
  

•     -• 

/ 

o / 
10 90 60 20 30 40 

OGIVE  ANGLE~DEGREES 
FIG. 31   RANGE* VS. OGIVE NOSE ANGLE FORA MISSILE OF GIVEN 

LENGTH AND DIAMETER AT 40,000 FEET 

b.    General: 

Aside from the Ogive Angle Study presented In 3,a. above, the 
reoent Investigations In the aerodynamic phase of the Rascal Project 
have pertained chiefly to the problems concerned with the preliminary 
design of a specific missile. These Include designing and locating 
aerodynamic surfaces for satisfactory static longitudinal and direct- 
ional stability at both subsonic and supersonic spoeds, and having made 
a wing selection. Investigating briefly the longitudinal characteris- 
tics of the missile. The ranges attainable when launched at various 
attitudes and altitudes were then determined for performance study.  To 
complete the picture, rates of control surface deflection, power re- 
quirements and missile response were investigated for given pull-out 
specifications.  Further details will be published in a special report 
covering the whole of the specific mlBsile design. 
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e. Faired Radoms: 

A eonstant 10 degree Incidence angle radume was presented In 
BMPR-4, In which the calculated noae radoms contour with respect to 
rays emanating rrom .9 of the body radius, was closely approximated 
by an ogive, i.e., by arcs of circles. This nose shape resulted in 
an Included tangent nose angle of 44 degrees, which from the stand- 
point of aerodynamics is rather blunt. From a consideration of micro- 
wave transmission, a muoh more blunt nose would be preferred. Prelim- 
inary results of still incomplete tests being made by Mr. Behrens, AJIO, 
Indicate that the 18 degree nose angle, straight-sided plexiglas oone 
may exhibit acceptable transmission characteristics. At any rate, the 
oritioal compromise between aerodynamics and electronics in respect to 
the forward portion of Rascal supersonic body remains indeterminate at 
this time. 

In view of the uncertainty of this situation, It has been deoided 
to explore the possibility of solving this crucial problem using a 
different approach. Accordingly, a design as Indicated In Figure 3:8 
has been proposed and investigated insofar as possible without the aid 
of wind tunnel information. Since the search antenna is conceived as 
a rotating mechanism sweeping a 28 inch diameter "disc" about 4 Inches 
deep, it is proposed to move this "disc" forward in the missile nose 
until the antenna radiating area extends outside the missile contour. 
Effectively, this configuration attempts to segregate the incompatible 
aerodynamic and electronic characteristics. The antenna radome frontal 
area has now been reduced to a minimum. Thus a blunt radome shape will 
not so seriously affect the aerodynamic characteristics, since the 
major portion of the frontal area may bo disposed favorably by the dic- 
tates of aerodynamics, which means a longer, smaller-lncluded-angle 
noae shape. 

It was hoped that this arrangement, referred to as a "faired 
radome" would (1) Increase the usable volume within the fuselage, 
(2) reduce the no3e drag, (3) make possible a most favorable antenna 
radome design, and (4) reduce to an absolute minimum the structural 
problems associated with the radome. Preliminary work indicates that 
the "usable" fuselage volume remains unaltered, due to the reduced 
total" fuselage volume resulting from the longer, sharper nose, the 

fuselage length being limited by bomb-bay dimensions. 

Aerodynamic Investigation revealed that the resulting destabiliz- 
ing horizontal area at the forward Tuselage location poses a serious 
stability problem.  In respect to this and drag, a reasonable estimate 
is not possible in that satisfactory theory for 3-dimenslonal super- 
sonic flow has not been evolved, and no tests of a similar nature have 
been performed Insofar as this contractor has been able to determine 
from technical information both in this country and in Germany. 

For these reasons it was considered Imperative to investigate 
this type of nose shape in a supersonlo wind tunnel, and to that end 
a request for one day's testing in the Aberdeen tunnel on or about 
May 1st was requested in a letter to AMC dated March 6, 1947. To 
date, no wind tunnel time has been assigned. 
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4.     STRUCTURES 

Rascal King Design Study: 

Selection of a suitable horizontal wing for the Rascal missile In- 
volves, among other things,  consideration of the section profile,  plan- 
form,   and wing area to give a minimum weight of fuel to overcome the 
drag plus wing weight,  and a wing area to accomplish the required man- 
euvers. 

A specification has been established for the missile for this par- 
ticular study as follows: 

1. Dross weight at launching  11,500  lbs. 
2. Average gross weight over the flight path  8,000 lbs. 
3. Launching altitude  40,000 ft. 
4. Cruising altitude    40,000ft. 
5. Range  100 mi. 
6. Speed for  60J( of   the  range  l.S M 
7. Maneuver  in  Pitch   (20g fuel *  5000  ft.)     8 g 

This specification only approximates the missile under consideration at 
present. 

Structural,   aerodynamic,  flutter,   and production considerations 
are among the more  Important planform criteria on which a wing design 
is to be based.     Structurally,  It must be analyzed with respect to 
(1)  spanwlse bending moment,   12) deflection,   and   (3) torsional stiff- 
ness.     Aerodynamic ally, minimum profile drag is desired.     Minimum 
washout due to spanwlse deflection of  a sweptback wing,   and pointed 
tip within a trailing edge Mach cone are additional aerodynamic con- 
siderations.     Flutter characteristics have been  touched on lightly, 
although it is believed that  they are of prime  Importance  even   to  the 
point of determining wing shape.     Since we are  working on an expendable 
vehicle,  the desirability of  production-ease  influences  the design in 
size  and  straight  element  development.     Wing area was based on   the 
minimum weight  of fuel necessary   to  overcome  wing drag plus  wing weight 
and  the minimum to accomplish the required maneuvers. 

a.     Structural Comparison of a Wedge   (Diamond)  Section Airfoil With 
a Plat Hexagon Section: 

SECTION ® 

Olven the above  sections which have the same chord but different t's 
(both sections are  solid),  it is desired to compare the drag,   strength, 
weight,   and deflection of these  sections. 
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Section Properties 

Section 

A 

(1) 

.5 Ct-y 

(2) 

.666 Ctg 
2 X  .333 Ctg 

=  g  +  p333 ctg 

I .0208 C^3            .0416 Ctg3 = 2 it  .333 C x  .0208 tg3 

i/y .0416 Ct^            .0832 Ctg2 +   .0832  X  .333 Ctg3 

A beam, in bending, will fall at a stress w.,ieh calculates to be 
higher than the ultimate of the material, provided all of the material 
is not concentrated at the extreme fibers. This is true because the 
material undergoes some plastic flow and therefore the classical beam 
bending formulae break down. The apparent stress at »..ich the beam 
foils depends on the shape of the beam cross-section, or on a "form" 
factor. 

The following lnfornation comes from an article in the Institute of 
Aeronautical Sciences Journal, May 1943, by Cozzone, "Bending Strength 
in the Plastic Hange". 

Apparent fb = fn + f0 (K-l) = ^C 

K = form factor 

= 1,5 for a rectangular cross-section 

= 2.0 fcr a      wedge     section 

fb = bending stress 

tm s ultimate tension or compression stress 

f0 = interception,  with stress axis,  of  a trapezold drawn 
on a stress-strain diagram such that   the  trapezold 
covers   trie  sane area as  that under the stress-strain 
curve.     Ono peak of  the trapezold is at fm: 

Vk[V.' 

fo 
1 fm 

dY 

j i 
du 

For dural, f0 = ,5 tm  30 fj, becomes 

fb = fm + .5 tm  (K-l) = rm (.5 + .5K) 

The beam does not ever reach the  apparent   stress. 
Instead,   considering two elements of area at  the ex- 
treme fiber, when  the outer-most  area reaches the 
ultimate  stress,  t^ere  is some plastic flow, and be- 
fore it  fails   the  r.nxt  area reaches  the ultimate,  and 
so on until no more   flow is  possible and the beam 
breaks.     It can be  seen from the accompanying sketches 
that the ratio of  the area of   the Inner Increment  to 
the outer increment, for the rectangular section is 
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1:1; for tha diamond 3:1. A scale drawing of tha hexagon being con- 
sidered gives a ratio of 1.22:1. 

Plotting the bending moduli against the area ratio for extreme 
fibers, gives a bending modulus = 1.28 for the hexagonal section. 

 J 1 1 Oil! 

 1.30 

i  
4 

ARE* RATIO 

The strengths of the two beams, wedge and hexagon, will now be 
made equal. The strength of any beam would depend on the bending 
modulus times the I/y. 

1.5 x .0416 Ctj8 = 1.86 x .0832 Ct2
2 

ti = 1.307 t2 

The wing drag Is made up of three parts, akin friction, attitude 
drag, and profile drag.  Of these, only the latter will vary with the 
two sections under consideration. Por the profile drag, the only 
varying factor is Ka(t/C)

2. 

Section 

Profile drag 
form factor = K„ 

Drag Properties 

(1) (2) 

6 

ta t]2  1.3072t2
2  1.71 tgg 

r2       n2        r!"2 
*22 

Profile dra, 
factor = K, in 4 x 1.71 t8

2 6.84 t2
2 

 •&  

6 t2
2 

Prom this table it can be seen that the increase in profile drag 
cauaed by using the wedge section Is 6.84 times that for the hexagon, 

providing that the strengths are equal. 

It has been found, very approximately, from a previous analysis 
of a similar alrframe that the wing drag = 1/2 total drag, profile 
drag = skin friction, and the attitude drag = 2 x profile drag (or 
akin friction). 

Then letting the profile drag = A 
wing   drag • 4A 

and   airplane drag = 8A 

the Increase in total airplane drag from using a wedgo shape 30.7£ 
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thicker than a hexacon shape 

.64 £jji A - 8A =  .013 or l.Zji    (This la negligible,  being within the 
limits of error of the method). 

above  two  sections,   as 
rtla may be compared. 

Por (2) I = .0416 Ct2
3 

For comparing defleotlons of the above two sections, as designed 
for equal strength, the moments of inertia may be compared. 

Por (1) I = .0208 Cti3 

= .0208 C 1.3073t2
3 

=  .0466 Ct2
3 

Or  (1) will have  T°*|| a 1,12 more rigidity or 1ZÜ less 

deflection than  (2). 

Por   (1)  A =  .5 Ctx =  .5 C x 1.307 t2 Por   (2)  I =  .666 Ct2 

=  .653 Ct2 

Or A     (or weight of   (1)) = i|H x Ag 

=  .980 Ag   (or weight of   (2)) 

To summarize: 

Item Wedge   (1) Hexagon   (2) 

Allowable Load 
t/c 
Airfoil Weight 
Total Airplane Drag 
Wing Deflection 

L 
1.307   x 

.98 W 
D 
8 

L 
x 
W 

1.12 0 

b.    Planform Selection: 

Since deflection becomes very serious with small thickness air- 
foils, a study was made to determine the best planform; that is, the 
planform which, for a given aspect ratio, thickness ratio, and area, 
has   the  least  tip beamwise deflection. 

Assume, for simplicity,  the following wing: 

Constants: 
Aspect katio or b (= semi span of exposed area) 
S (= area of 1/2 exposed wing) 
w (= load on S) 
50/1 chord -I-   airplane 
w    = uniform loading 

r 
^ **:> 

da   -». 

c 

A A 
i* 1 —— 

c = ct + X(CB Ct) 

I = Moment of  Inertia 

=  .0208 Ct3 

=   .0208 Z3 C4 

where Z = * 

.0208 Z3(Ct +. §[CR °t]>4 
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The moment at any point, X, =  ( .  + —r-),  which formula can be 

arrived at by calculus or, more simply, by geometrical calculations. 

The tip deflection Is equal to the moment, about the tip, of the 
area under the M/EI curve. 

b 

X2^      X2C 
6                 /      <~g""^ • "S-5 x M 

«P =     / „     „a,"        A. B  .0208 Z3(Ct + ^[CH - Ct])
4 

Let Kx =  =  
E  .0208 Z3 

"p = Ki/-„   : r 
Ct X° dX 

+ K, 
«Wt + £:[CR - Ct]>«       x 

X3 dX 
T 3(ot +floa - ot])3 

Upon Integrating this and substituting In the  limits,  the follow- 
ing equation is found: 

5 M     „     ^ft»', f .    1 _J  ( log CR       4 CtCR  - Ct» \1 
tip   ieieR-ct) I   CR3 

+ (cR-ct)o ^      ö;       2 cR2 1'8; J 

Kl°4 f  -     1    + 3 / CR - ct2\ 1 

+ 7^ I   c7   7^HCR-8 Ct los ~t   *)] 

But S =    S g    "b      or CR = -g- - ct 

And Ct can be put  Into   terms of S—5 or C^ = K 5—3 

g % Kb r 1 1 
»iP = liü^K)   l"   (2S)3(1_K)3 

+   (|S)3(1.2K)3       X 

( loe IT *    tl-K)g ,B ) J 
,     Kib4        r 1 | 3 

6 §S(l_2K) L      (|3)2(1-K)2       (|S)3(1-2K)3 

(|ä[i-x]-24Siog^.2^:)] 

Setting the first derivative of this equation, with respect  to 
K = 0,  would give the optimum wing planform from a deflection stand- 
point on the minimum deflection.     However,  this   Is   a long tedious 
process and it  Is simpler to substitute a given condition or given 
values of b and 2S  .    Then different values of  K can be assumed and 
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a curve ot"^.     plotted. The minimum deflection point can be found 

directly on this curve. 

Using a typical wing, b = 36", S = 1330 aq.in., the following 
results are obtained: 

K 'tip/*! 

.01 

.05 

.10 

.20 

1.299 
1.222 
1.216 
1.351 

The curve, fig. 4:1, plots these values and shows the optimum 
point to be K = »075. 

Sin 

30 

28 

26 

24 

22 

LI 

•^^—1 ̂ — —^— 

t 

1 6 

1 4 

1 2 

1 0 

8 

6 

4 

2 

. 
V 

• . 

0        .02   04   06  08 

FI&4M    WING  DEFLECTION AS A  FUNCTION OF PLANFORM 

10 12 14 16 IB        20       22 
K 
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Then Ct =  .075 IS 

c.    - ^_ -   .075 ^_ .925 |5 

23 

or °R =  .925 E~ 
CT 23 Ct       .075 |2 

12.33:1 

By previous considerations  the optimum sweepback angle has been 
found to be 45  , for the quarter chord line, at H = 1.6.    The ratio 
12.33:1  is along the neutral axis.    For   the above condition the ratio 
of the root  chord to the  tip chord,  for the  chords parallel  to the  11P< 
of flight ia found to be 14:1. 

i«ct =c„ 

Optimum Wing Planform 

For Minimum Deflection 

The  toralonal twist of a 2.3j< solid magnesium surface of the fol- 
lowing planform waa studied.     The  trailing 20.6£ of the surface was 
considered to  be an elevator.     On the basis of preliminary estimates, 
the fixed surface loading was assumed to be 8.3 psl   (limit)  and  the 
elevator 2 x 8.3 = 16.6 pal. 

29 %C LINE 

»% C   LINE (MAX  THICKNESS) 

NEUTRAL »»IS I5B% C LINE) 

(   HINGE   (714%) 
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Toraion waa taken about tha elastic axis (which was aasumad to 
coincide with the neutral axis). The pressure distribution over the 
wing was assumed uniform.  Since the twist decreased the angle of 
attack, or , the effective wing area was lowered, or more exactly, the 
Cj_ along the span was lowered.  A plot of the chord x j*    against 
the span compared with a plot of chord x span showed an effective de- 
crease In wing area of about JO"'.  (The elevator was assumed to have 
four hinges.) 

Approximate Twist   (9)   in g of or 

% Exposed Serai-Span           0      17.5      35.1      52.6 
9   (3 or )                                10    .103       .207    ! .331 
cr - 9                                         1   1   | .897     | .793    I .669 

70.2 
.600 
.400 

87.8 
1.00 

0 

100 
1.36 

0» 

«Actually the surface would never twl it more than or • 

It can be seen from the above that, structurally, it would be 
very desirable to use a completely movable surface, rather than an 
elevator. 

However, the present trend here is toward a 5%  section.  Since 
the torsional deflection la approximately proportional to the cube of 
the thickness, the twist will be materially reduced. 

A wing of the following planform was designed (1) as solid 
magnesium, (2) hollow dural, (3) hollow magnesium, and (4) hollow 
steel. 

ASSUME 
CENTER  PANEL 
CONSTANT AND 
THE FORE AND 
AFT  BOUNDARIES 
TO BE 30 % C     9 
AND 70 % C         1   . 

< t 

7( )5 

89% C LINE 
SWEPT  BACK 49» 
90% C LINE  MA« t 

T~ STIFFENERS [91 

-— 36 

The wlr.gs were designed for a design loading of 12.8 psi. Temp- 
erature was considered to be 250°P, at which the E, and UTS are con- 
sidered to be reduced to 80S those of room temperature. 

to outside  thickness at  hOi C  line, 
inside thickness at 50,£ C line. 

Deflection is at limit load. 
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The following table summarizes results: 
!                                     1 Approx. Tip 
i   Section Parallel C Weight Beam 

Wing                              Missile (both sides) 

185# 

Deflection 

20      " 2.3,» Magn.   .   Solid 
5,2 Dural       t0 5* Ct^ =  4.56;» C 109# 3.39" 
552 Magn.       t„ b% Ctj = 4.40.« C 95# 4.91" 
5 ' Steel      tQ 5jS Ct1 =  •!.••;' C 236# 1.68" 
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From the foregoing analysis It can be seen that the double wedge 
section compares very favorably with the hexagon In »eight, drag, and 
wing deflection.  In planform, the delta configuration with a Ct, equal 

to 12.33:1 proves to be the most desirable structurally.  Optimum 
sweepback for minimum profile drag Is approximately 40° at K equal to 
1.6 design speed.  (Ref. VkC  02-942-071).  Since the attitude drag Is 
appreciably leas with higher angles of sweepback, an angle of sweep- 
back of 45 degrees has been arbitrarily chosen as a reasonable comp- 
romise.  A delta planform wing Is proposed to minimize the decrease In 
lift caused by washout. This becomes apparent when one considers the 
case of a sweptback rectangular planform wing where the washout Is In- 
duced progressively toward the tip In proportion to the amount of 
spanwise deflection. The delta configuration offers less area to be 
affected by washout toward the tip and therefore less adverse effect 
of washout due to tip deflection. Production considerations have In- 
fluenced the selection of a planform to one of straight leading and 
trailing edges. 

-10 

FIG. 4:2   VELOCITY VS. DAMPING 
SUBSONIC INCOMPRESSIBLE FLOW COEFFICIENTS 

(SWEEP BACK NEGLECTED) 
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A simplified flutter analysis has been Riads for a wing similar to 
the one  in question to anticipate aero-elastic problems which will in- 
fluence  the design of lifting elements.     It «as believed that high 
subsonic  speeds might be most critical,  and therefore  the  analysis was 
made  assuming subsonic incompressible flow.     No compressibility cor- 
rections ware made  for the two dimensional bending-torsion flutter 
considered.    A spot check of points  in the supersonic region indicates 
no flutter for these check points,  but a complete  supersonic analysis 
has not been made.    A two percent and three percent wing were con- 
sidered: 

Wing Thickness 

2* 

3* 

Bending 

650 cylBs/mln. 

760 cycles/Win. 

Torsion 

2500 cycles/min. 

3250 cycles/min. 

For either wing the  ratio of torsion to bending Is sufficiently high 
to indicate that no flutter problem will be anticipated.     A plot of 
velocity versus damping.  Pig.  4:2,   indicates that damping In the high 
subsonic region is Inherent. 

c.    Wing Area for Minimum Weight of Fuel Used In Overcoming 
Wing Drag Plus Wing Weight: 

Next to be considered is wing area for minimum weight of fuel 
used in overcoming wing drag plus wing weight.     Equation   (4:1)  is 
derived from equations for wing drag presented in BMPR-4 and -5. 

(1) (2) 

wfw = Kfw 1 3EX 2( 
A.      O                      3 

if + 4(j)     cos  A 

(3) 

\   M2cos2 A    -1 

s trr p? <! * s -) 

• Kf. (K. X W)* 
A»q  3 

(4:1) 

Where:  Term (1) = Weight of fuel used In overcoming skin friction 
and profile drag 

(2) = Weight of fuel used in overcoming attitude drag 

(3) = Weight of a solid wing of double wedge cross 
section profile, delta wing exposed plsnform 
and rectangular planform for the portion of the 
wing enclosed by the fuselage 

and Kfw la fuel consumption in pounds per pound of drag. 

THICKNESS tr 

«nAOA^W1 

/>^\^^vJ 
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This  study is baaed on a missile  average weight of 8,000 lbs, 
and a canard arrangement where the aft horizontal  surface Is assumed 
to contribute two thirds of  the total horizontal wing lift. 

Values of S were assumed and corresponding values of *r were 

calculated, A plot of the Individual terms as a function of "S" with 
the exception of term (3) la presented In Pig. 4:3, 

40       50 
SO. FT WING~"S" 

FIG. 4 3 WEIGHT OF FUEL USED TO OVERCOME WING DRAG 

Pig.  4:4 Is the  aggregate of  the fuel required to overcome wing 
drag plus wing weight.    An estimated curve   (dash line) has been added 
merely to emphasize the fact that these curves were prepared on the 
basis of equal  stresses   (50,000 pel) which gives  exceaalve  tip deflect- 
ions for the  larger surfacea. 

From Fig,  4:4 an area of 30 sq.  ft.  Is  selected as  the optimum 
for the horizontal aft wing.    The corresponding total horizontal wing 
area is equal to 30 x 2/3 • 45  sq.  ft.    To determine the maneuver ac- 
celerations possible with this area.  Fig.  4:5 was plotted.     Forty-five 
square feet will permit the missile to pull 8 g at altitudes of 16,125 
feet under full gross weight  and 27,500 feet under a 20 per cent fuel 
condition. 
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40 so 
SO FT  WING "S" 

ZGB 177 133 106 2 88 4 76 
W/S LBS /SQ FT 

FIG. 4:4 WEIGHT OF FUEL USED TO OVERCOME WING DRAG 
PLUS WING WEIGHT VS. WING AREA 

Prom this study it has been determined that horizontal wings of 
delta planform, double wedge cross section, and 45 sq. feet total area, 
are satisfactory from the standpoint of structure and the minimum 
weight of fuel required to overcome the draf; of the wing plus the wing 
weight.  The area is more than sufficient to fulfill the requirement of 
an 8 g pull out at 5,000 feet with 20 per cent fuel.  A minimum section 
thickness of 2 per cent is shown to be satisfactory, but engineering 
judgment dictates that 5 per cent is more reasonable. This study, be- 
cause of its incompleteness can be considered only preliminary, giving 
limiting criteria on which a design can be based.  It is realized that 
the wing design will finally be selected only when stability require- 
ments are considered with those above. 
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FIG. 4:5  MAXIMUM ACCELERATING"g" VS ALTITUDE 

5.  PH0PÜLSI0M 

An Internal report covering the design of a specific "Rascal" 
missile will be published in the near future.  Inasmuch as the Pro- 
pulsion Group devoted its entire time the past period to the design 
of rocket motors for the specific missile, their activities will be 
related in the internal report. 
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6.  GUIDANCE AND CONTROL 

a. Azimuth Computer: 

The Azimuth Computer Is complete except for the decoder and assoc- 
iated servo. The Synchro has been mounted on the antenna but has not 
yet been zeroed.  All the cables have been made up. The autopilot tie- 
in has been completely assembled but not flight tested. 

There hav« been two flight testa of the computer using the mech- 
anical cursor. The operation was satisfactory.  On one run over a 
target the A control, which corresponds to the gain oontrol of a 

ST5 
servo-mechanism, was act at Its maximum position.  As might be ex- 
pected, the system was unstable and oscillations occurred. Further 
flights will be necessary to determine the optimum setting of this 
control under various conditions. 

It is exacted that the electronic cursor and autopilot control 
will be tested extensively during trie next two months. 

b. Radar  Improvement: 

During tho past several months It has become apparent  that for 
attacks on land  targets  some  form of  target discriminatory circuit is 
essential.     Work has  started on an Investigation of  several possible 
circuits Including logarithmic  TT* amplifiers,   peak-rider video channels, 
triple-tone,   pulse-length   Uscrlminators  and  other anti-clutter  cir- 
cuits.    An AN/Ai«t-'<* radar  Is being modified  In  ti.o  laboratory to in- 
clude  a triple-tone circuit.     Other  circuits,   including t-iose mentioned 
above, will be sot up and f1i£ht  tested  to determine  the  one most 
suitable for this  project. 

c. Plexiglas Ha lome Construction: 

The  small   10  inch diameter,  V7  degree conical  radome described in 
BMPR-5 has  been delivered to P.  H.  Behrens of Wright Field for testing. 
Although preliminary  t~ats  have  yielded relatively poor transmission 
characteristics,   these  touts  are not considered indicative for  two 
reasons:     (1)    The  tolerance  on  the tip of  the  radome nose deviates 
considerably from  the   required tolerance of  to.005  inch.     It  is -0.020 
inch In spots,   and   (2)  The  klystron used  in the   test equipment was 
considerably erratic  in behavior arid  failed altogether before  comp- 
letion of the  t.«3ts.    Upon receipt of  a new klystron,  '.Vright Field 
Intends  to continue tests.     If results are  still negative,   the radome 
will likely be returned to Bell Aircraft for a new tip. 

ProgresD has been slow on the  large size 20  inch diameter 10 deg- 
ree conical rilome,  as  the  Trlme Contractor has no  lathe with a suitable 
taper attachm»r.t  to turn  an object this  size.    Consequently,  the machin- 
ing Is being d.. no  by an  outside vendor.    To date,   the  plaster form ia 
being machined.     If found to be within  tolerances,  pluxiflas will be 
formed  about  thJs  Jig.     It  will  then be necessary to return  the radome 
to the vendor  for machining.    As  we have no assurance that  the vendor 
will be able  to  perfonr.  this work satisfactorily,   It   is not possible 
to estimate  a completion date. 

d. Missile  Search Radar System: 

A Purchase  Order has  been issued  and made  payable to  Sylvania 
Electrio  Products,   Inc.   to  cover  the cost of a  study for  the develop- 
ment  and possible construction of  a search radar  system to  be instal- 
led In  the missile. 

Exhibit  "A" of  this Furcha3e Order lists the activities included 
in this  study and are  reproduced  as follows: 

1. Follow portlnont developments at  the  plant of   the  Buyer. 
2. Construct  a wcoden mock-up of a  proposed radar receiver- 

transmitter unit. 
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cellanaous   laboratory   testing of proposed materials 
heme s . 
Wright Field  and Naval  Hesearch Laboratory  to  secure 

conducting   said  3tudy. 
especially the receiver-transmitter unit,   but give 
ttentlcn to  antenna and   indicator problems,   and auto- 
operation requirements, 
brief monthly reports  of Seller's  studies  and progress, 

a set  of specifications for a  proposed development  con- 

by April   1,   194",   a preliminary estimate  of weight, 
nd shape  of components,  and power requirements of the 
te  system   (assuming  power  supply of 28 volts  d.c,   and 
cles  115  volts  a.c.). 

a final  report  showing in detail  the  study,   work, 
s  and recommendations  of   the  Seller.     Such report 
include reproducible   copies  of all  drawings made  and 
n  the  performance of  such  study  and work. 

A preliminary estimate of weight,   size   and  shape  has  been  received 
per  Item 8 and  1 s  as follows  for a  K-burid   system. 

Total  estimated weight   (less cables)    95   lbs. 
Total estimated volume ••   1.8 cu.ft. 
Power  consumption  .....   30C watts  of  11SV  a.c.  and 2 amps  of 

B4V d.c. 

The   K-band  system  includes  synchronizer, modulator,   transmitter, 
all receiving components   including AFC,   r«celver with anti-clul.ter 
features  and  all   power  supplies.     It  does not   Include the  antenna. 

Preliminary sketches have   been made  locating  the complete  K-band 
system above  the   search antenna in the missile nose.     Additional 
sketches place  only   the  r.f.   components  above the antenna,   the other 
components having been removed to  the missile mid-section. 

Similar   sketches  including weight,   size and  space requirements 
are being  prepared for  the  Ke-band, 

e. Flight Simulator: 

In the previous progress report (BKPR-6) the aerodynamic equations 
for pitch and roll were developed and a servo system indicated for pro- 
viding a mechanical solution for the aerodynamic equations.  Another 
method of simulation has been devised which may offer certain practical 
advantages in providing good simulation. 

Roll Simulator 

Jlf*Ln   P = L 

<MS) LS LP 
8(S)   S{Lp-fJx   S)'    /      SJX\ 

The following block diagram  shows  the  approximate  solution  of  this 
equation  In  terms of  practical  components. 

AMPLIFIER  AND 
TIME  CONSTANT SERVO 

-r5- »    et,S) T>iS) 

8 «I* 1 +-r=- 

S 

VELOCITY   FEEDBACK 
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e (Sj =  6(S) 

e (S) 
8(S) s 

A4. 
Lp 

fJSL _ 
5(S) 

5  'P (S) 

Lp 

Thus the accuracy of solution of the equation Is determined by 
the Integral of the servo error. 

Fitch Simulator 

Kae + Kre + Kpe = K66 + ,/' 
8 dt 

9 iSl 
Ki 

*8 +   T Kj + K;  S 
8 (S)  =   Kp+Kr S+KaSz "   S(Kp +K.r 5 + Kas

z) 

The following bloc diagram shows an electronic method of solving 
the equation (the Integrator may be electronic or mechanical)« 

K6 
AMPLIFIER  AND   TIME   CONSTANT 

r , U\ »Z O(S) i e(Si 

t     n—i 
—t_cj—« 1 + -J.T, l+STj 

L-m-j 
INTEGRATOR 

i 

1 
In order to determine the variables  j,   g, Tii T2 and "• we 

establish the relationship: 

P I  P2 
(I  +ST,)(1+ST2) 

lp t-Kr   S + Ka S2  " -Ml    "2 
(H-ST,)(I + STZ) 

P1JJ2 

I " »1P 2 

Cji, JJS 

(l+ST, ) (H-STZ) +J1,JJ2 

l+Jyio + !lae2"  ,  1 S(T,-t-T,)     T,  T2  S* 

T,T I '2 = c », p2 
Kr      T,+T2 Kp""l+Pi  ^j. Kp "^ I + P, JJ2 

This provides  three  equations  In  five unknowns permitting the various 
time constants and amplifications   to be adjusted to meet other require- 
ments.     It  should be noted  that  the  electronic  pitch simulator,   although 
including a feedback loop,   solves  the equation with no  inherent  error. 
Cn the other hand,   since  the output Is a voltage,   It cannot be used 
directly with gyroscopes  and other guidance  and control equipment.    To 
avoid  this  difficulty,   a position   type  servo could be  utilized but  It 
is rather difficult  to design a position  servo  to accurately rospond 
to  the relatively high frequencies  Involved  In simulation of  a missile 
alrframe.    The   servo  problem can be considerably minimized if we eon- 
vert  to a velocity type  servo as  in the roll simulator,  or  if  we are 
able to supply &  large,   true error derivative  to  the  servo. 
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follo» 
A block diagram showing a method utlllzinß error derivative 
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As before, the accuracy of simulation Is determined by the magni- 
tude of the servo error. 

A velocity type servo can be utilized IT the kj integrator is dis- 
pensed w)th as follows: TT^ 
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In  the above equation for Simulation, 

•M t Cj l_ 
l+JJi J*2    C2 " Kp 

T   -^ 

T|  T2       Kg 
T, + T2" Kp 

T,T2 

l-r^i Pz Kp 

The  appearance  of  the number C„  In   the error expression merely 
Bears  that the  servo  loop gain ahoutd be  as high as  possible   for 
accurate simulation. 

Although the general angular  simulation methods  outlined  in  this 
description have not been completely evaluated,   a re« Inherent advant- 
ages are readily  apparent. 

(1) The  system requires no mechanical   counterpart  of   the   airframe 
inertia,  nor does  it   require  any  acceleration measurements. 

(2) The   feedback quantities  associated with the  servo  can be 
determined  primarily from the standpoint of best servo per- 
formance.     As a result,  no compromise of servo performance 
need be experienced because  of changing aerodynamic constants. 

(3) Since velocity signals are available to feed the servo, 
considerably better performance can be expected than if 
positional   information alone  were  available. 

f.     AN/APQ-13-T1A Training Set: 

An   AN/APtJ-15-TlA 
laboratory for preliml 
simulator program.     It 
our missile   simulator 
complete guidance prof 
trainer was designed  t 
directly suited for su 
now being studied and 
tlcal  to make the nece 

Training Set  has been procured and set up  In the 
niry  tests  to determine   Its applicability   to our 
is hoped that  this trainer,  in  conjunction with 

•i    I   AM/APw-13  radar  search  :<nt.  yr: ' I   simulate   UIP 
ram of  the Rascal  Project at  1200 mph.     As this 
o  simulate  radar bombing problems,   it   is  not 
parsonic missile flight simulation.     Rut   it is 
evaluated to determine whether or not  Is  is   prac- 
ssary modifications. 

For example,  the present maximum horizontal  velocities  of  400 mph 
for the airplane  and 75 mph wind must  be   Increased to  1200 mph and 200 
mph by Increasing the  X und Y velocities of  the  trolley.    The maximum 
vertical velocity must be  Increased  from 30 mph  to 850 mrh by changing 
the altitude drive  in  the  trolley.    There  Is excessive backlash In al- 
most all   the  gearing that must be  reduced to a minimum or  eliminated. 
The  azimuth drive  servo  system will not  follow a 5 cycle per second, 
plus  and minus 45 degree  sector  scan rate,   which means  a change   in   the 
azimuth drive gearing and/or motor.     As  the present motions of the sim- 
ulator antenna are the   same  i.s  though the antenna was  stabilized in   the 
missile,   it  Is desirable  to move  the  antenna  to  simulate  an  tinstabil- 
lzed antenna  in  the missile.     To  accomplish this  on  the  trainer will 
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X 
require major modification In the  trolley antenna system. 

As the divine portion of  the  flicht is  the only part  that needs to 
be simulated,   the maximum slant range will be 20 miles at 50,000 feet to 
a slant range  or  1  mile,  which  Is near  the   present range of  the   trainer. 
This will enable  us  to determine target recognition and reaction  MTIBS 
at supersonic velocities.    As bean pattern study necessitates grinding 
new glass reflectors,   '.in:  optimum target  recognition time may not be 
determined. 

g.     Raytheon Relay: 

The video  relay equipment has boon   completed and has  passed elect- 
rical   type  tests  ca'tl sfac torily.     During vlbrnlion  tests   It was   found 
that  several  minor modifications   were  necessary   In  order to  Insure 
proper operation  under f1Irht conditions.     These modifications have 
been made  on   the  "missile"  equipment  wlilch  is now being  set up in   the 
Bell electronics  laboratory. 

Considerable  trouble WHS experienced  in  the  launching airplane 
parabolic anterna due  to vibration.    A new and much stronger antenna 
has been  constructed and is now reidy  for vibration testing.    Upon 
satisfactory completion of  these  tests,   the  antenna and its  associated 
receiver will  be shipped to Bell  for our tests. 

The  commnnd  link from  the   launching airplane   tc  the missile  Is now 
scheduled for  completion at   the   end of May.     Two  different  receivers 
are being  supplied  for  the missile  end  of   this  link.     One   Is   a  con- 
ventional  supnrhetrodyno    in1 rig KO mc.   l.f.   and   the  other  a  crystal video 
receiver. 

The  crystal  video recoiver will  have  two  sections  of  tuned pre- 
selector cavities feeding Into  two  .-erarate crystals.    The  pre-selector 
cavities have   a bandwidth of  approximately  10 mc  and will bo   tuned  so 
one will receive trie search radar frequency and the other  the command 
link frequency.     This  receiver   Is mucli smaller  and  lighter  than   the 
conventional  "i.f.  receiver. 

h.  Dive-Angle Computer: 

In BMPR-4 a computer called "Elevation Computer" was Introduced; 
It was further described  in BMPH-5.    This computer  is now being called 
"Dive-Angle Computer"  In order  to permit  assigning "Elevation Computer" 
to an Item better suited to  that name. 

The Dive-Angle Computer  is  of  the Hange-Altitude variety.     Its 
purpose  is  to determine the proper dive angle  for the missile  path, 
and to combine this  angle with the actual missile  pitch angle as meas- 
ured by a vertical gyro.     If the missile  is not  on the  correct  course 
In pitch, these  two angles will not cancel and there will  be a correct- 
ion to the autopilot. 

The modified Dive-Angle Computer  is shown  in block diagram  form 
In Figure 6;1 .    The major recent additions are  the  incorporation of 
an autopilot  converter,  and  provisions for utilizing an APG-5 range 
unit for tracking attitude automatically. 

The computer may be divided  into  two parts;   the  calculator,  which 
determines the dive angle,  9;  and  the mixing  system,  which censures  the 
original calculation  by  combining  the dive angle  with  the  pitch angle, 
and sends  the  result to  the autopilot. 

The calculator works on  the equation,  RFSln 8 - H ~  0. 

where:     R-   is   slant ranpe 
9    is  the dive angle 
H     is  altitude 
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This  equation   Is  set up by  conventional means,   utilizing  potentiometers 
and  a servo   loop.     The desired  solution   Is   the angle called  "9".     In 
or'lor   to  track altitude and  range,   some moans must bo  on hand to deter- 
mine when  tue  potentiometers  ire  at the  correct  position.     In order to 
accomplish this,  linear potentiomp t«ra  are ganged  to  the range  and  alti- 
tude  potentiometers,   across which a direct voltage  Is  Impressed,     This 
voltage feeds   Into  a  circuit which has  tha  property  of   developing a 
marker,   delayed  In direct  proportion  to  the  applied voltage.     By  this 
method altitixie and ran.-e  pips are  placed  on the  I'.P.I.   screen.    With 
the  "R  "   servo motor  driving the range  potentiometer  and  APG-5  servo 
driving  the altitude  potentiometer,   the operator need  adjust  only  the 
elevation angle   (sine  potentiometer)   to furnish complete  Inform.tlon to 
the   computer. 

ALTITUDE   MARKER 

-ALTITUDE OELAY  BIAS 

LINEAR DELAY 
•O   HCT AND TRIGGER 

GENERATOR 

ALTITUDE t      \J 

A>»r.-» 
SERVO 

APG-5 
RANGE 
UNIT 

RS   SERVO 
MOTOR  1 

1 

SLANT RANGE 
DELAY   BIAS 

El CT AND TRIGGER 

SLANT  RANGE 
MARKER 

T 

TO APO-7 
""• TRANS-RECEIVER 

I 

 J 

SECTOR PH. y 

TRACKfC-, 
POT CONTROL ' SUMMING 

-UMPLII 

PILOTS DIRECTION 
INDICATOR 

FIG.6:1        BLOCK   SCHEMATIC DIVE ANGLE COMPUTER (MODIFIED) 
C-l   AUTO-PILOT 

Ganged on  the   arm of   trie   sine  pot   Is  a  linear pot with an  alter- 
nating voltago   Impressed  across   It.     This  voltage Is   then  combined with 
an out  of  phase voltage   from a vertical gyro.     The  combination  of  these 
two voltages  Is fed Into a summing amplifier and then to an autopilot- 
converter.     The  converter   thon  goes directly  to  the  C-l  autopilot.     If 
the  sum of   these  voltages   is zero,   the missile  will  he  on  the desired 
course« 
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7,    FLICHT TEST 

a.    Review of Flight Testing Program: 

In the first bimonthly progress report,  BMPR-1, dated June 29, 
1946,  pages 21 through 25,  a flight testing program was outlined.    This 
program has been followed, with minor revisions, for tan months.    It Is 
the purpose of this review to analyze our progress in following the 
program, which is as follows: 

"1.    Television Link,  Air-to-Air 

A.    The objectives are: 

(1)    To demonstrate that an air-to-air television link is 
feasible." 

Two types of air-to-air video links have been Investigated;   the 
Block 3 Television System and the Raytheon Video Relay Link.    The 
Block 3, used to  transmit a television picture, has been demonstrated 
air-to-air at ranges in excess of 100 nautical miles,    A link for trans- 
mitting a radar picture, manufactured to our specifications on a  sub- 
contract, has been designed and built,  as a breadboard,   and is being 
Installed in the flight test vehicles. 

"(2)    To develop a method of synchronization. 

This refers to synchronization of a radar picture transmitted 
over a video link.    A method of sweep synchronization has been devel- 
oped and demonstrated and a method of azimuth synchronization Is In 
work. 

"B.    Procedure: 

(1) Obtain and install microwave transmitter and re- 
ceiver.  (Block 18 or X-Band); adapt to sector PPI 
(AFQ-7) scanner and indicator." 

Block 18 has not been available so Bell Aircraft let a subcontract 
to Raytheon who has delivered a breadboard Video Relay Link which oper- 
ates in the X-Band region. It is being bench tested prior to Instal- 
lation. Tn addition, a Block 3 television link was obtained, Installed, 
tested, and modified for air-to-air transmission of television pictures 
at ranges of 60 to 100 nautical miles. The Video Relay Link has yet to 
be flight tested. 

"(2) Design, build, and Install gyro stabilized 
transmitter antenna." 

The antennas for the Video Relay were supplied by the subcontractor. 
Bell Aircraft has desired, built, and is now bench testing gyro stab- 
ilized platforms to support these antennas.  In addition, a yagi 
antenna was designed, built, and installed with the Block 3 transmitter 
in order to attain long range operation. The Video Relay Antennas have 
yet to be flight tested. 

"(3)  Study effect of ground reflections, phase inter- 
ference (fading) and time delay (ghosting)," 

Thus far, fading and ghosting tests have been made air-to-air with 
Block 3 transmission.  Tests have indicated that fndlnc, if present, is 
not evident, and that ghosting, very much evident for certain condit- 
ions at short ranges, is not troublesome at ranges in excess of 60 
nautical miles.  Similar tests are scheduled for the Video Relay Link. 

"(4) Test various methods of sweep synchronization." 

A method employing a rr-lcrosecond pulse coder and decoder has been 
developed and tested in the laboratory for use with the Video Relay 
Link. The Block 3 supplies its own sweep synchronization.  Synchron- 
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ization signals sent over the Video Relay Link have yet to be flight 
tested. 

"2. Missile Search Radar System 

A.    The   objectives are: 

(1)    To obtain first-hand experience and data on the 
optimum relations which exist between missile 
speed,  scanning rate, resolution of scanning 
system, tiae required at various ranges to find 
and track various targets, etc." 

Efforts  to accomplish those objectives i.ave been numerous.    An 
Eagle   (AN/APQ-7) search radar system lias been flown as a narrow  (0.4°) 
beam radar,  and a bombine  (AN/APQ.-23) search radar system,  as a wide 
(1,4°)  beam radar for  terminal guidance.    The M.I.T.  K-Band Rapid Scan 
Search Rador  has been resurrected and  is being put in shape by a sub- 
contractor for future  installation and dive  tests.    A Projection Term- 
inal Guidance Analyzer is being .-.rscsiblM to project films of both 
television and radar presentations  talfen during dive tests.    The films 
will be projected at   Increased  speed so as  to simulate conditions at 
1200 mph,  for analyzing a human operator's ability to read  the pre- 
sentations at supersonic  speeds.     An Ultrasonic Terminal Guidance 
Analyzer Is bein^ raado from a modified AN/AP3-13T1A bombing trainer 
to simulate 1200 mph terminal outdance conditions.    These various 
projects will cover all  nf the objectives quoted above. 

"('?)    Effect  of rapidly vnrying aspect on target 
recognition," 

Roll and pitch variations have intentionally been introduced 
during dive tests,     Lar^e magnitude variations  confuse the present- 
ation,  but variations  associated with normal  course corrections are 
not objectionable.     More data   's  to be obtained from the Terminal 
Guidance Analysers, 

"(3)    Requirements and usefulness of offset techniques." 

Offset points giving distinctive radar return have been used 
visually for initially locating less prominent targets.    However,  more 
attention will be directed to this problem when direct target approaches 
have beer, investigated more thoroughly, 

"(4)    Distance  to begin search;  maximum range required." 

This  lr a function of airspeed and target characteristics, of 
which more «111 be learned with the Terminal Guidance Analyzers.    At 
B-17  speeds,  EO miles  Is sufficient for average targets. 

"(5)    örtslrablo ranye  scale variation for tracking 
method chosen,H 

It lias been found that continuous range scale expansion, so as 
to keep the target two-thirds of the way from the bottom of the PPI 
sector, gives an easily reidaMe  picture with present  tracking methods. 

"(6) Evaluation of alternative methods of tracking 
and computing." 

Various methods of tracking and computing have been considered 
and breadboard models for both the azimuth and pitch problems are 
being flight tested and revised as the tests progress. 

>.,.;,) Frequency and continuity with which scope must 
be checked, for these alternatives." 

Tests to date indicate continuous observation and tracking of the 
acope presentation to be preferable, and aided tracking to be desirable. 
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"(8) Requirements for roll and pitch stabilization of 
search antenna." 

B-17 testa Included pitch changes of five degrees, at rates allow- 
able with the aircraft, which showed little or no adverse effect. Rolls 
which were necessary for B-17 turns in correcting the course to target 
tended to confuse the radar picture but do not result in loss of tar- 
Set. However, for these tests the target could not be along the roll 
axis of the aircraft because of the antenna configuration.  It is ex- 
pected that the K-Band Rapid Scan System will provide better data. 

"(9) Stability and suitability of  the range-altitude 
system for computing the approach glide  angle." 

A model of such a computing system is beinft flight tested and has 
been suitable  in initial tests.    Tests are continuing to  -letermine 
limitations and to Improve the model. 

"(10)    Feasibility of steering to  collision at 600 mph 
relative velocity by constant bearing principle 
(optical and radar)  sighting, with beacon carry- 
ing plane as  target." 

Such air-to-air tests have not been attempted, nor are they 
presently Intended.    The contract has been changed to require  1200 
mph,  which would requ:.o two aircraft flying 600 mph reciprocal 
headings.     Instead,   an AN/APQ.-13T1A bombing trainer is being modi- 
fled to attack the problem under simulated  1200 mph conditions,  as 
a Terminal Guidance Analyzer. 

"B.    Procedure: 

(1) Ply with APQ-7 and APQ-16 systems to become familiar 
with operation and application possibilities." 

Repeated attempts to obtain demonstration flights with AP3-16 
have been unsuccessful.  APQ-7 familiarization was accomplished after 
we procured an installation. 

(2) Study desirable methods for obtaining data 
modifications appropriate to Q-7, layout 
program." 

This study and planning was accomplished prior to receipt of an 
AN/APQ-7 system. 

"(3) Modify Q-7 system to provide optimum (variable) 
range scales, PRR, scope spot size, etc., for 
flight experimentation." 

These and other modifications were tried on a bench setup of 
AN/APQ-7 before the flight Installation arrived. Laboratory work 
has oontlnued since then, interlaced with flight tests SB needed. 

"(4)  Install Q-7 in B-25." 

Such an installation was Investigated and started, but then 
eliminated in favor of an AH/AF.4-7 alroady installed in a B-17. 

"(5) Plight testing:  directed toward above 
objectives." 

More than 30 flights have been accomplished since the flight 
test vehicle was received in January. 

"(6) Further study and appropriate flight testing." 

Plight testing and laboratory work are continuing in a coordinated 
program to study the Rascal Guidance Scheme and to provide information 
for the final design. The present AN/APQ-7 model will be replaced or 
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supplemented with the K-Band Rapid Sean System when the latter is 
available for flight tests. 

"(7) Check item (10) of objectives as early as 
possible (a) with Just two airplanes; (b) 
with 2a£le with or without a beacon in target." 

This has yet to be checked and is presently assigned to the 
Ultrasonic Terminal Guidance Analyzer as stated above. 

"3. Radar Tracking and Guiding of Missile 

A.  The objectives are: 

(1) To demonstrate the error in determing relative 
location of a beacon-carrying missile or airplane 
and target, at a ranee of 60-100 miles." 

Tests have shown that either a target or beacon can be located 
within ±1 degree and ±1000 yards at these ranees. However, these 
data ore not yet available In usable form for the guidance schein». 
Data in usable form is available at much less accuracy. 

"(2) To demonstrate the accuracy with »JiIch missile 
may be steered to target using various methods 
of tracking and computing steering signals: 
must scope bo tracked continuously?" 

Many different methods have boen considered and a simple method 
is being tested.  It involves Instantaneous reading of bearing from 
missile to target and relaying it as a compass heading to the missile. 

"(3) To demonstrate probable maximum angles between 
missile heading and launching plane-to-target 
line during (2) for use In determing required 
television antenna pattern." 

Tests have indicated that the guidance scheme imposes minor 
limitations on this an^le.  The major limitations on the relay link 
(formerly called television) antenna pattern are imposed by the aero- 
dynamic turnlnc response of the mis3lle and the aerodynamic limit- 
ations on untenna size and shape, 

"B.  Procedure: 

(1)  Becone familiar with APQ-23 (and AFO-24) 
operation." 

The AF0.-23 was bench checked before Installation and APQ-24 
developments have bean followed at Wright Field. 

"(2) Modify, If necessary, and install ii-33 in a 
B-l^, and beacon (APN-T1) in missile." 

The AN/AFCi-23 was modified for simultaneous beacon and radar 
operation and both AN/AP4-23 and AM/APH-11 were Installed. 

"(3) Install also In the B-17: 

(a) Television receiver and indicator." 

Block 3 television and Its indicator have been installed and used 
with the missile having television "eyes". A video relay link receiver 
and indicator have yet to be Installed for use with the missile having 
radar "eyes". 

"(b) Tracking system and computer." 

Tracking systems and computers have bean constructed in bread- 
board fashion and installed where needed.  In order to simplify the 
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layout, the computing system has been divided so that some cravorrnta 
are In the mother and some in the missile. Work on computers is con« 
tinuing. 

"(c) Control Transmitter." 

A radio transmitter has been installed for controlling the T.ISS'IP 
with television "eyes". The missile with radar "eyes" will be con- 
trolled over the two-way video relay link. 

"(d) Antennas." 

Antennas have been Installed as necessary.. In addition to tn" 
GPS antennas supplied, a video relay link antenna MIS beon desi^iod 
and Is being gyro stabilized. 

"And In tne niseile: 

(e)  Autorilot-servo system with diroctional gyro 
and/or compass." 

In the B-2S television missile, an autopilot which is slaved to 
compass has been installed irid adapted to remote control.  In the B-17 
radar missile, an autopilot which came installed In the aircraft Is 
alaved to a directional gyro, and Is being adapted to remote control. 

"(f)  Television transmitter and antenna," 

Block 3 television has beon installed in the B-25 missile and a 
new antenna designed and Installed for 100 nautical mile transmission 
ranges. The B-17 radar missile will have a video relay link Installed 
between It and the B-17 mothAT.  Its antenna has been designed and is 
being gyro stabilized. 

"(g) Control receiver." 

A control receiver has been Installed in the B-25 television mis- 
sile. The two-way video relay link will carry control signals to the 
B-17 radar missile when it is installed. 

"(h) Miscellaneous control equipment 
(including AP.i-7)". 

AN/APQ-7, the Eagle radar, came installed in the missile B-17, 
which was a major factor for using such a large aircraft to simulate 
a missile.  Other equipment has beon installed as needed. 

"(4) Plight Testing: 

(a) Relative position error, missile 3«en from 
B-17." 

Both air-to-ground and alr-to-alr tests have beon made using the 
missile beacon and the Kother search radar at ranges of CO to 100 naut- 
ical miles. Tests have Indicated that relative positions are determ- 
ined within accuracy of reading search radar presentation. With 100 
miles, full scale range, the error is in the order of plus or minus one 
mile in range and plus or minus one degree In azimuth.  Using range de- 
lay and short range scale, the range accuracy can be Increased, but a 
map presentation no longer exists. These tests are essentially com- 
plete. 

"(b) Error when guided by various systems 
(APQ-23 only)." 

A desired missile heading may be determined from the Mother 
search radar tiy determining relative positions of Mother, missile, 
and target, with errors as mentioned In the paragraph above. These 
errors combine to make the Inaccuracies in the computed missile 
heading increase as the missile nears the target. The results of the 
combined errors have yet to be determined. 
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Determining a desired misEile course correction requires,   in 
addition to the above,   U.e plotting of a preset    nisslle course. 
This  alternate  system of guiding does not  look promising but may be 
tried should the first   system prove difficult. 

"(c) Stability of various guiding systems 
(APQ-H3 only)." 

With the system of guiding which is presently being worked out, 
only two fixed nisslle headings  are determined by  the Kother search 
radar:     one  at the  time of  launching and another when the missile is 
about 20 miles  from the  target.     Here there  is no stability problem 
involved.     Should  an alternate  system be  trlnd later,   which requires 
that  the missile course corrections  be determined from the Kother 
search radar system,   then the stability probier, will enter. 

"(d) Time required for control   (continuous  or 
intermittent) (AP.i-23 only)." 

As presently planned  control  will be  Intermittent,   rnnuiring two 
course determinations.     i'"or  the first,  prior  to  launching it  is neces- 
sary to determine the wind  and ccc;nte o  corrected heading to cot  the 
proper missile  course to  the target.    Tests  have indicated that wind 
determinations,  either radar or ortVrtl,  t.-ike ebeut  15 minutes,   after 
which the calculation consumes  a negligible one minute. 

It  is expected that  tr,e  aecpp.d missile  course deterr.ir.ution,   when 
the missile if   about SO miles  from the target,  can be rend directly 
from the Kother  search ridsr,  this operation requiring abuut one rr.inute 
set-up time.     However,  further tests are requirod to measure the time 
for the second determination. 

"(e)  Error  In  cr-Uslng preset." 

A series of flights have been made with  the Kother B-17  during 
which it determined,   at  100 miles  from   the target,   a wind corrected 
missile  course.     The Mother  S-17   then flew this  course  simulating the 
missile after launching..     Of course the B-l''  flew the  launching-point- 
to-target course at ahout onn  sixth of  1MO r.ph,  thereby effectively 
increasing the  actunl  wind  factor by  six tl-.es for the  simulated  case. 
Tests made were  *lth winds up  to 50 mph,   which multiplied by  six would 
simulate  winds up   to 3W nph.     Krrors  in  the cruising preset  course 
were  a maxlmim  of   twelve  n>iuticil nllis,   a minimum of   less  than  1000 
feet,  and an aver*:'n  of   two  "r  thr^e nautlcil miles  to one  side or the 
other of   Ihe  desired  course   for  a   100 nautical miles distance.     The 
maximum error v;as  caused  by  a wind   shift  associated with a weather 
front  an>?  would  :.ave required a ?.',   decree correction at 20 miles from 
target.     Avern.-'a  errors   Indicate   the  MITS»  correction  Just  prior to 
terminal  guidance  will   often be unnecessary,   being of   the order of 5 
to 9 decrees.    Koro  data will  be forthcoming from two aircraft missions 
which will simulate conditions ».'1th separate missile and Mother air- 
craft, 

"(f)    Accuracy of first   course  correcting signal." 

This refers to   the course correction  Just prior to terminal guid- 
ance,  which Is determined in  the mother and releyed  to  the missile. 
Initial tests have  indicated difficulty in determining the proper cor- 
rection from  the '."other search radar.     With suitable antennas  for the 
missile radar beacon,   it   is possible  to get  positive  identification of 
missile  position,     flith suitable  charges to the Mother  search radar, 
It  Is  possible  to read both beacon and the search radar map  simultane- 
ously.     However,   the  problem of  sharp target definition 100 nautical 
miles away,   from direct radar return or from offset  target return,   is 
still being investigated for necessary Improvements. 

"(g)     (b),   (c),   and   (d)  with radar-television systems 
(i.e.,  with complete  system)." 

The complete  system of guidance from the  Kother prior to  terminal 
guidance  is presently having Its  initial  tests.    Terminal guidance  is 
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t Included In those tests with only television missile "eyes."    Results 
are not yet significant.    After completion of the radar relay, the com- 
plete system will be tested using radar "eyes" Tor terminal guidance. 

"(h)    Tine  to yaw missile and lateral acceleration." 

It has been found  in  flight tests that  the time elapsed between 
determining a correction from the Mother search radar and the execution 
of the correction by th« -llsslle  is  serious  even at the  speeds of the 
present flight test vehicles.    The problem is presently in work. 

"(I) Observe maximum angles of missile heading 
and launching plane-to-target line during 
above teats. 

These tests are in the initial sta^e, with the angles yet to be 
determined. 

"4.     P-90 or B-35   'Missile' 

Three possible U3es are: 

(1) As missile with target seeker and autopilot. Such 
a system we are considering only in case the radar 
television scheme proves impracticable." 

Instead, the program is using both a B-25 and a B-17 as missiles. 
Television is useil as the "eyes" for terminal guidance in the B-25 and 
radar Is used In the B-l1?. Target seekers have been considered, but 
have not yet been ised because of their inherent tactical limitations. 
They require that the targnt have some light, heat, or radar ruflect- 
ing characteristic which is different from the surrounding area. 

"(2) As a beacon-carrying missile, radio-controlled 
and guided only by APQ-23 information, as In 
3-3, 4-b, c, d." 

AH/APN-!! beacon equipment Is used in the B-25 missile In con- 
- Junction with the AP3-23 Mother search radar to provlio a course 
correction to target Just prior to terminal guidance.  One of the 
functions of the Video Hoi ay Link In the B-17 missile will be to pro- 
vide a similar beacon signal. 

"(3) As missile in Tull television system." 

The B-25 and B-l"? missile are being used in working towards two 
complete systems, one using television "eyes" in the missile and the 
other using radar "eyes". 

"5.  Equipment Required 

(1)  GPE as requested in letters to Wright Field, 
References (c) and (e)." 

A time lag of from three to nine months existed in obtaining the 
major portion of the Initial requests.  Since then a system has been 
worked out with which the time between request and receipt of GPE items 
Is usually kept down to a minimum, which is primarily the time consumed 
in freight shipments.  Express shipments would alleviate this condition. 
This lag in receipt of equipment has been a major difficulty at times 
and continues to be troublesome. 

"(2)  Additional test equipment and material." 

It has been obtained or substituted Tor as needed. 

"(3) Additional GPE:  Command Link and auxiliaries, etc." 

Additional OPE continues to be requested as the need arises, and 
in due time it usually arrives. 
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"(4)    X-Sand telavlsion link. 
(5)    X-Bond command link." 

For the television missile, two separate GFE systems have been 
procured and used.    For the radar missile, the Video Relay Link built 
to our specifications by Raytheon on a subcontract Is expected to per- 
form both functions. 

"(6)    Antennas: 

(a) Missile Search gyrostablllzed. 
(b) Command and Television Receiver for B-l7." 

The missile search antenna has not been gyrostablllzed because of 
the obvious difficulty to be encountered «1th the Eagle antenna. Tests 
to date Indicate .little advantage In stabilizing present flight test 
models. The Video Relay Link antennas, however, are being stabilized. 

"(7)  Interim Search Radar for Missile, perhaps 3-4 mm. 
or 9 mm. system." 

The closest available system Is the K-Band Rapid Scan System 
which la being resurrected by a subcontractor. 

"(3) R«3«arch on 3-4 mm. radar system." 

Aircraft Radiation Laboratory started to Initiate this work, but 
when the program did not materialize, subcontracts wore let to study 
possibilities for the missile search radar. These subcontracts are 
presently In work. 

"(9) Range-altitude computer system for glide path 
control." 

A model of this computer has been built end flight tested.  Im- 
provements are now in work. 

"(10)  Other computers: 

(a) For first course correction. 
(b) GPI system. 
(e)     Acinlerometer system." 

The first course correction  Is presently being attempted by a 
method which docs not require computation.    However,  a OP I  system, 
such as  AN/APA-44 might be  adapted to materially aid the  case;  hence, 
the  accuracy of  the  correction.    Aeeeleromnters have been   studied and 
a model  built, but as yet  they have not been incorporated Into  the 
computers presently being developed for the missile. 

"(11)     Telemetering proportional  control,   for  television 
and commund systems." 

Two ty;>es of proportional control are  In work.     One,  being In- 
stalled In *.he  B-H5 missile,  operates from an off-on  signal with a 
10 cycle  per second fundamental frequency.    The  other,   being developed 
to work over the Video Relay Link,  uses microsecond  pulses and a  time 
base of  the  üfrtnr- of milliseconds. 

"(IS"    Timers" 

As yet the problem of timers has had only preliminary Investi- 
gation. Timers have not yet been necessary in the flight test program. 

b.  Flight Test "'Ummary: 

A total of 4.5 flights have been completed during the period of 
this report.     Of   'iht-se flights,   6 were dual missions  pertaining to  the 
Mother and Television Missile;  10 were by the Mother alone; 4 by the 
Television Missile  alone,   and 23 by the Radar Missile alone. 
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Of the  16 MoU..ir test  nights,  9 were for preset  guidance  cheeks, 
2 were beacon antenna pattern and maximum range checks,  3 were   tele- 
vision ghosting and maximum range  checks,  and 2  for complete Vother- 
Hlsslle missions. 

The  9 prosat guidance flights   (50-38,  53-41,   S"-43,   5"*-44,   5(1-45, 
59-46,  59-47,   R1-4B,  BS-49) made up a  series  in which the AN/Ar.V-:!3 
equipped airplane  served as both Missile  Carrier and MiEsile;   i.e., 
served as Missile  Carrier  in navigating  to  the   launching point,    ieter- 
mlned windage and  proper heading from  the  launching point to  the   tar- 
get,  and flew the  course  the Missile would have flown fr'im   the   launch- 
ing point  to the target.     Optical and  radar wind determination  pro- 
cedures  were  compared  and  evaluated,  and  accuracy of   preset  courses 
determined.     It was   found  that radar determined winds are  reliable  and 
that 100 nautical mile  runs on preset courses   to   targets could be 
flown with an   average  accuracy  of about  2  to 3 miles  lateral miss.     In 
one extreme case,   in which a weather front was encountered,  a  wind 
change  of  17 degrees   In direction and 65  per cent,   in magnitude  gave  a 
lateral  error oT  12 miles.     This   last  Is  not considered serious,   since 
errors caused by weather fronts could be  expected and compensated for 
by careful perusal of available meteorological data. 

The  beacon  horn  antenna beam width,   in 
determined on flight 49-36 in which the beac 
on the ground while  the radar-equipped  B-V 
waa 50 degrees  at a  nominal ran/p  of  oO naut 
tude  of  19,000  Teet.     The   beam width was me« 
53-42  in which both  ships  were  airborne.     T! 
at  a separation distance of 90 nautical mile 
10,000 feet.     Also on   this  flight ii  r.'iximum 
eal miles was  obtained.   In wilch reception w; 
considered reliable  'However,   consistently 
nautical miles,   and  this   Is  considered   the r 

the hori zontal   plane wa3 
on-equipped  B-:-.!;>  remnined 
was  airborne.     The   width 
leal   miles  and at an alti- 

irei  again during f 1 ight 
e   beam width  was  35 degrees 
s range  and an  altitude  of 
heuern range  oC   150 nan ti- 
ns  intermittent  and  not 
iy>od  return was had at  130 
eliable maximum range. 

Flights  49-3",   50-39,   51-40 were ri own   in conjunction  with  tele- 
vision  testing and  the  beacon  was us^d  to   furnish ranges between   the 
two aircraft,     beacon ranges  up  to  110 nautical   miles were obtained on 
these flights. 

The  Mother-Missile missions  are mentioned   later  In  connection with 
television. 

The  twenty-three  ri if/its made  while  testing  the   AN/AF3-"   (Kagle) 
radar can be broken  dewn  into  several  categories. 

Satisfactory results were  obtained  on fliehte  60B-(16)  and 56B- 
(23)  from  a mechanical   azimuth  computer whose   Indications were fed   Into 
a  F0I  on  the  flight  pHnel.     Development  of an electronic   azimuth  cursor 
is  proceeding In   the   laboratory.     Tie   in  with  the  C-l  autopilot  azimuth 
cont-ol  awaits  completion  of   laboratory   tests. 

On flights   5BB-(18),   IVB-I^I,   bUB-Ui"),   o9B-(2B),   :md   6011-(20) 
flight test and design  analysis  of   the   ran,;fl  altitude computer  -lave 
satisfactorily  solved  the  problem of  accurate   corrected missile  angles 
to  targets.     With the  computer output feeding a meter  Indicator  on  the 
flight panel,   simulated  collision  runs on  selected   targets  were   suc- 
cessfully completed.     Since   these flights were  made,   work  tias   progressed 
toward  coupling  the  computer  output ilirsctly   to   the  C-l  autopilot ele- 
vation control. 

A modified triple   tone   target discriminator  circuit was flight 
tested on flights  55B-12S)  and  62B-(33),   and found   to  give unsatis- 
factory resu:ts.     A circuit,   redesigned on   the basis  of observed  re- 
sults,   is now awaiting   test. 

leve 
of t 
tained 
cated. 

Several   I'l Iguts,   H2B-(31),   62S-(32)   and 62B-(35),  at 20,000 feet 
pi have been  -rrjmpleted  In order to observe  the  operating limitations 
arget  loeatlm and approach.     Consistent results  have not been ob- 
led;  tnerefor^,   ."urther tests at this  altitude and above are  Indi- 
,d. 
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Simulated collision approaches,   nights  4"B-!13),   43B-{14),   4.'B- 
(1B),  &1B-Ü7),   f,3B-!19),   b4B(21),   5BB-(26),   to observe   tho  efrecl or 
various ran|;e  sweep modifications  wore  tasted and satisfactorily  Im- 
proved operation was  obtained.     This  Improved operation was  obt.-ilned 
as  a result of  the night  (analysis and  redesign of various  systems. 

On nichts 53B-(20),   5"B-(25) and  filB-(30)   the operating   limit- 
ations  of target  location wore  observed   In simulated missile drops 
from 10,000 feet at ranges  of 20 to 25 mllos.     Evaluation of tho  data 
obtained has   indicated a  reliable accuracy within specification 11«: to, 

PhotograpnJc  radar scope  recordings  nave  boon made  on several 
fllg.'it s.     Due to erratic camera operation,  satisi'actnry films have 
not bron attained.     Since   the fault appears  to   be   Inherent   In  tho 
oawro   ie3lgn,   another type  of camera has boon ordered. 

Preparations for   Installation of  the  relay  link,   together  with 
associated  AN/AP-i-''  synchronizing  components are   proceeding as  rapidly 
ar.   labora'or."  development  and  the arrival  of  components will  permit. 
The   installation  of additional   power  facilities   In   the  B-l"*  awaits 
•irrlvjil  of  GPE  o-pilpment,     Figure ":1  shows   trio   now  tail modifications 
!'.>r  housing  tho  relay  link. 

^oss 
2 
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In the course or thr 10 B-25  airplane flight testa performed during 
this  period,   the  flr3t  air-to-air  television  transmissions were  performed 
since the  B-25 aircraft was equipped as a missile. 

On  10 March   (flight  49A-(19))   the   television transmitting equip- 
ment  was given  Its rirst air check  since   the  AXT-3 modifications had 
been made.     By this  change,   it was possible  to choose a picture of the 
terrain ahead of  the  aircraft,  or a  picture of a   bank of flight meters 
set  in  a   photo-panel.     3peral.lon was  aatisfactorv  at  60  statute miles. 
On  the  next night   (flight  50A-(20))  and on   the   following one   (night 
51A-(21))   it was found   that  ghosting would  ofrer no  trouble at ranges 
beyond  60  statute mll»s  and   that  signals  were readable  up  to 125  stat- 
ute miles.     These   limitations were  acceptable  in   view of  the  fact  that 
the mother plane will operate at 60 to 100 nautical miles  rrom  the 
target. 

The   B-25 missile was  grounded on  13 March  to  allow  installation 
or the  P-l  Rendijt  autopilot  In  as   snort  a time  us   possible.     During 
this  period  the  intake  ortnicon  television camera received  its  final 
check-out  In the  laooratory and wa3  placed  In   the  B-25 nose  on a 
specially designed  shock mount.    Tne mount was  so   constructed   t>i*t 
the operator,   hy a choice  of  switches,   could  vary  its  position In 
pitch and  yaw,   or   cause   it   to be  stabilized by  wind vanes mounted on 
booms   in the  nose  of  the   ship. 

On  10 April,   air checking or   the  autopilot was begun   (flight  63A- 
(23)).     Adjustment  of  the various   controls continued In flight  64A-(24) 
and  the  new  image  orthlcon wis   riven   Its   initial air cheek.     In the 
next  night   (65A-(25))   the  P-l  autopilot   Installation  proved satisfact- 
ory  and required no  further adjustment;   the  Image orthlcon,  however, 
developed  a fault  and  failed  to  operate.     With  the  Image  ort.ilcon re- 
paired  and  working  satisfactorily,   flight 66A-(26)   illustrated  the 
camera's  nigh degree  of   usefulness  wnen it  produced a   picture  of  such 
clarity  that  the  television  observer  In  the  B-2o  could  guide the  snip 
Into  five  direct  hits.     In   this  flight   the P-l   control  head was oper- 
ated from  the   television  station,   simulating  conditions  under radio 
control. 

In   night  6"k-{2*>),   flown  in  conjunction  with 67-(50),   a prelim- 
inary  flight  was made,  controlling the  B-25 verbally rrom   the  B-V, 
with  all  units  Installed  except the   tie-in  from radio control  to auto- 
pilot.     Control was maintained by  oral  Instructions   to  the  B-25  pilot. 
In two  of   the  three  dives attempted,   the   television  operator   failed  to 
distinguish any target  at  all.     This was. caused  hy a mist  In  one   case 
an 1  by  an error  In   previous   "aiming"   of  the missile   In  the  other.     The 
third d'vo,  on Niagara Palls  Airport,   showed distingulsning  landmarks 
at   five miles range,   rrom which point   the missile  was  successfully 
directed over  the target. 

On 24  April,   flights 68A-{20) and  68-(51)  yielded useful data on 
the  performance  of  the  entire  television system.     In  four  controlled 
dives,   the  average range at  wnlch  large objects,  shorelines,   etc., 
could be  distinguished  clearly was   ten  to  fifteen nautical miles.     Ab- 
solute  target  Identification  was  quite difficult,   and  could  be  adjudged 
completely  reliable  only within  five miles.     In   the  case of  a ship on 
the  water,   or a target  located near  a bend  in   the  river,  hits should 
be scored  consistently from ten miles. 

In the  line  of conclusions and results,  no difficulty has  yet  been 
experienced with th«  television equipment  from  cross wind  eTects.     Any 
chosen object on the television screen  can  be hit within limits.    The 
problem of distinguishing a specific target from such a thing as  a 
field  is much more  difficult,  however,   and will require  a great  deal  of 
experience on  the  part  of the  operator as well  as  a thorough familiar- 
ization with the   terrain.     This  need   for experience and   familiarization 
Is  likewise   true for operation  of  the  radar equipment,  since  a marked 
improvement  In   the operator's  ahillty   to  "see"   targets  has been mani- 
fested  since this flight testing  program  was  originated. 
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c. Autopilot Evaluation: 

No further evaluation of the F-l Bendlx Autopilot haa been 
realized as components removed fron the P-63 have been in use In the 
laboratory Radio Control mock-up and B-25 Azimuth Control programs. 

Evaluation of the Sperry A-12 haa been discontinued in the In- 
terests of economy, but the following performance and limitations 
were observed: 

(1) The particular vertical gyro supplied, developed minor mech- 
anical difficulties but after these were corrected performed 
perfectly as a source of pitch and roll Intelligence within 
the limits of Its design. Tumbling occurs at approximately 
85 degrees pitch or roll with re-erectlon requiring about 
two minutes. No mains of caging is provided and therefore, 
it la not adaptable to high maneuverability gyropilot con- 
figurations, 

(2) Two servo sizes are available with four power gear ratios 
optional, thus allowing for a wide range of servo speeds. 
Six ratios of reppatback gear clusters are also available 
to match the response characteristics of the aircraft.  In 
addition to the gear cluster changes vor   *tIn, e simple 
«hange of volt age divider values In the re peat back network 
allows additional latitude of adjustment.  Application of 
surface at all times was exceptionally smooth. 

(3) The A-1P Gyropilot was primarily designed for imilti-engined 
craft where no torque problem Is presented and coordination 
is accomplished by zeroing rudder servo output.  Coordination 
of this type should be satisfactory also for Jet and rocket 
powered vehicles, but was definitely unsatisfactory for the 
F-63 where torque varies proportional to air speed and cer- 
tain conditions may require left rudder for rl£ht turns.  A 
yaw intelligence pick-off from a Ball-Bank indicator or a 
pendulous mass could be devised to accomplish coordination 
under torque conditions. 

(4) Altitude control can be made to maintain altitude In level 
flight or turns to plus or minus fifty feet even under tur- 
bulent conditions at low altitudes. 

(5) The Sperry system of rate derivation from displacement errors 
provides a wide range of rate changes by simple voltage div- 
ision that can be carried still further If integration comp- 
onents are alternd. 

In the interests of economy the proposed program of recording 
response to transients Injected In series with gyro intelligence was 
cancelled and all evaluation was made by observation of pilot and 
engineer. 

d. Radio Control Adaptation: 

The Bendix Radio Control Program is to proceed with a complete 
eheck of functions by laboratory mockup and installation in the P-63 
airplane. Work on the basic radio control configuration plus Azimuth 
selection by proportional control is to be the first objective with 
research of altitude control, rate of climb control and acceleration 
limiting held in abeyance. 

Analysis of the Lear Autopilot is awaiting the receipt of design 
data and autopilot components. 
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( FLIGHT TEST REPORTS) 
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Design of supersonic guided "missile with range up to 100 miles is discussed.    Studies 

are continued on effect of ogival nose angles on missile range and curve of range versus 
' angle indicated optimum range for 35 degrees.    Concerning suitable nose configurations, 

new design based on structural, aerodynamic,  and production considerations, are outlined 
for Rascal missile grossing 11,500 pounds.    AN/AFQ-7 radar will include triple-tone cir- 
cuit deemed essential for attacks on land targets.    Flight test reports are appended. 
« Target seekers,  Electromagnetic (92000) 
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ÜDÖTOÄCT 
Design of supersonic guided'missile with range up to ICO miles is discussed.    Studies 

are continued on effect of ogival nose angles on missile range and curve of range versus 
angle indicated optimum range for 55 degrees.    Concerning suitable nose configurations, 
new design based on structural, aerodynamic, and production considerations, are outlined 
for Rascal missile grossing 11,500 pounds.    AN/AFQ-7 radar will include triple-tone cir- 
cuit deemed essential for attacks on land targets.    Flight test reports are appended. 
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